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LOCKHEED’S APPROACH TO AVIONICS 



WITH MINIMUM SYSTEM IMPACT 








ORBITER AVIONICS BASELINE 
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ORBITER AVIONICS PEAK ANNUAL COSTS W/MILESTONES 







COST STRUCTURE AND BUILDUP 
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OR BITER AVIONICS PROGRAM 

S MILLIONS 
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ORBITER EPS BASELINE DESIGN REQUIREMENTS 



ORBITER 

























ELECTRICAL POWER SYSTEM REQUIREMENTS 
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EPS EQUIPMENT SELECTION CONSIDERATIONS 
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BACKUP POWER SYSTEM FOR PCS 
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ORBITER SPACECRAFT GN & C SYSTEM 
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TYPICAL AC P S DRIVE ELECTRONICS 















ORBITER TVC ELECTRONICS 
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ORBITER AERO FLIGHT CONTROL SYSTEM 




































ORBITER PRIMARY FLIGHT CONTROL SYSTEM 
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ORBITER AUTOPILOT S Y STEM 
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OR BITER AUTOMATIC SPEED CONTROL 



NOT PART OF SYSTEM 

















FLIGHT CONTROL SYSTEM 

BRAKES AND ANTISKID SYSTEM 
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AUTOLAND IMPLEMENTATION 
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EQUIPMENT REQUIRED FOR AUTOLAND 
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ORBITER AUTOLAND SIMULATION REQUIREMENTS 
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ORBITER AUTOLAND SIMULATION 
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ORBITER GN&C EQUIPMENT 
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ORBITER GN&C EQUIPMENT (CONT) 
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ORBITER AERO NAV & FLIGHT CONTROL EQUIP (CONT) 
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REDUNDANCY SELECTION CRITERIA 
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CHARACTERISTICS OF SYSEFF PROGRAM OUTPUTS 





ORBITER CONTROL BLENDING STUDY 
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ORB ITE R CONTRO L BL EN D ING GO N C E P T S 


2 2 
S I— 


(J QC 

O7J 

SoO 

fijZ'r 

Diu x 
i/> jjr 
to O 

^j?Z 

-J o 

£Oxg 

z 5 «-z 

0E0S 

Ua.hi- 


Z £ 

9 o 


Z X g 

59“ 

“ f l/l 

o x \ 
suy 
UZZ 
^00 
5 i 22 

UJ 

S?i 2 £ 

_ co X 

2 « 9 « 


ujtt* 

III 

II I 

Sou 

o|z 

5 jo 

Ij T* 1/1 

Qlw 

uj 

rua 

7 

z°0_ 
< ULI Z (5 
®?>S 3 

Qwt-u. 

uj • • 



oz| 
z o 2 

nE 5 

lio 

z ^ ^ 

*§t 

S 5 I 

zniS 

uj a. x 
tOt 

2 ss 


£2 

(J a. ! 



a: 

uj 

> 

o o, 

x Z' 
* o! 


Z> O 

o 2 


2 O 

<• UJ 
CO < 


U 

2 zu 

>o 2 

^£0 

Z. uj to 

O H. to 
DD 

Q CO CO 
.UJ^ „ 

|£y 

og§ 

UJ— lO 
QC U. IO 


O^Q 

z 5 Y 

<56 

^ — 1 »— 
to 1 

i |3 

t^>xz 

|r O »- — 

^ tw 

uj * a. X 

U>Q£ ^ 

l&Z 

UK “ 





ORBITER CONTROL BLENDING 
-ALTITUDE & DYNAMIC PRESSURE 
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TRANSITION AND BLENDED CONTROL CONSTRAINTS 

EFFECT OF BLENDING ALTITUDE ON PROPELLANT REQUIREMENTS 040A 
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COMPUTER INTERFACE FOR BLENDING 
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ANALOG vs DIGITAL AEROFLIGHT CONTROL 

RECOMMENDATION AND RATIONALE 
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ROTATION OF SENSORS IN TRIAD STRAPDOWN 





IMU RECOMMENDATIONS AND RATIONALE 
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ORBITER ATTITUDE CONTROL FOR PAYLOAD SUPPORT 
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BASELINE REQUIREMENTS SUMMARY 

COMMUNICATIONS AND TRACKING 
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COMMUNICATIONS SUBSYSTEM REDUNDANCY 
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PMS UTILIZATION: CPU SPEED, K-OPS/SEC 



DUAL CPU CAPACITY AVAILABLE: 722 



PMS UTILIZATION: CORE MEMORY ALLOCATION, K-WORDS 
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PMS UTILIZATION: I/O RATE, K-WORDS/SEC 


PERFORMANCE MONITORING SUBSYSTEM 










PMS INPUTS/OUTPUTS INTERFACE 











SUBSYSTEM INTERFACE UNIT FUNCTIONS 
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PMS/GSE INTERFACE 





PMS/BOOSTER INTERFACE 
















PMS/ELECTRICAL POWER CONTROL INTERFACE 










PM S/COMM U N 1C ATION S INTER FACE 






















PMS/GN &C INTERFACE 







































INSTRUMENTATION REQUIREMENTS SUMMARY 

TD 3009 - LMSC BASELINE _ 
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INSTRUMENTATION REDUNDANCY RATIONALE 



LOCKHEED 



PMS REDUNDANCY RATIONALE 
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CHECKOUT BASELINE REQUIREMENTS 
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PAYLOAD MANAGEMENT INTERFACE 

REQUIREMENT: PROVIDE PAYLOAD MANAGEMENT CHECKOUT SUPPORT 
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PAYLOAD MANAGEMENT INTERFACE 
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PAYLOAD/ORBITER INTERFACE IMPACT (CONT) 
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PAYLOAD/ORBITER INTERFACE IMPACT (CONT) 


cxi I 

vO 


CO 

CO CO 

CO 

co 

co co 

tz 

Sz tz 

tz 

tz 

tz tz 

vO 

O XJ 

oo 

vO 

O NO 

• 

LO 

• • 
i-H 

■ 

o 


.—I LO 


i—H 

XJ 

r—H 

i — h XJ 


qc 

2 to 
a_ to 
H T LU 

Z ^ O 
tu O 

^ C 

n ill 


Z 

LU 

i_i_ 

E> 

1 

QQ 

o 

o 

; 

—1 

O 

Z. 

O' 

c 

< 

oc 

l 

OO 

< 

C£ 

LU 

o 


o 

o 

*— 

CO 

> 

O 

LU 

a. 





ID 

to 

O' 

Q- 


LU 

CL — 












FLIGHT RECORDER 










GROUND SUPPORT/VEHICLE MISSION INTERFACE 




















CHECKOUT STATION /GSE INTERFACE-MODE I 
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GSE INTERFACE - HORIZONTAL 




GSE INTERFACE - HORIZONTAL 




GSE INTERFACE - VERTICAL 
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BITE UTILIZATION SUMMARY 
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SWITCH/CB - CONTROL/MONITORING 
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-MANUAL ACTUATION TO PMS CUE 
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REMOTE CHECKOUT 


§ 



vO 

5E 

sO 

O' 

oo 

r*- 

Csi 

■w- 

St 

fC 

-w- 


a ~ 

o £ 

~r Z 

LU ~ 

>£ 


o g 


<: 

CO 

a 

O L£ 
fE HI 

q: 

ad 


LOCKHEED 




SW1TCH/CB CONTROL/MONITORING 

MANUAL CHECKOUT 
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REDUNDANCY MANAGEMENT 
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REDUNDANCY MANAGEMENT (CONT) 



REDUNDANCY SELECTION 
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REDUNDANCY SELECTION 



30 SUBSYSTEMS 
500 ELEMENTS 




REDUNDANCY SELECTION 

SYSEFF CAPABILITY USED 
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SOFTWARE-RELATED BASELINE OVERVIEW 










SOFTWARE-RELATED BASELINE CONFIGURATION 

ORBITER VEHICLE AVIONICS 
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BASELINE SOFTWARE FUNCTIONS VS EFFECTIVITY 
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BASELINE SOFTWARE CONFIGURATION 


UJ 

O 

a. —i 

a 

UJ 

>- 

OS 

iff *- 

52 

o' 

h~ 

5 

tr in 

al 

uj ist 


—1 

►— 

L_ 



UJ 3 

ID 


2 “ 

2 

h- Q 

^ — v 

Q 

o 

o 

„ ^ 


CO 

O' 

JO, 

o 

§. 


<N 




gal 

oo =E E 

gtu O 

> CO 


o ^ 

^ LL 

o z o 

a O OO 


»- g < 

a 2i 

~ 3 o 

Q l/l (/) 






BASELINE SOFTWARE CONFIGURATION 






S-3A SOFTWARE HIERARCHY 

(EXTENT OF APPLICATION TO SHUTTLE) 
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SOFTWARE FAILURES- APPROACH CONSIDERATIONS 






253712 




GENERIC FAILURE PREVENTION 
VERIFICATION TESTING 
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BITE-BASED IMS/SIU/LRU MONITOR AND CONTROL 
SOFTWARE DEVELOPMENT APPROACH 
PHASED DEVELOPMENT 
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GN&C BACKUP CONSIDERATIONS 
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REAL-TIME BACKUP SUMMARY 
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PILOTAGE D&C APPROACH RATIONALE 
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SIMPLIFIED USE 


PILOTAGE D&C APPROACH RATIONALE (CONT) 



- PROVEN USE HISTORIES 


MAIN PILOT/COPILOT INSTRUMENT PANEL 


GO 


UJ C* 

z2£ 

£ 

z oz 

0^0 
~Zi2 
( on Jr — t— 

. — i <. (P> i— 

■ o-iyc 
■ksoz-o 

;8^oS 


, Z 

• 3 

>- 

< 

. —i 

iTj Q. 

) O? £ 

» < Qi 

1 ~7 

3-.^ 5 

O 

; Z *r i— 

; < < $: U 

5°-fc*Z 

Q UJ Q£ T 

I f 3 . o 5 9 

-UcD<< 


$° 
£ ' 

^ >- 

j_Q< 

Otf -7 -1 

Z. O. 
°° r~ O 


*Sg 

O =3- 

X u_ on 
Z. , _i 
ajJ-D 
on ^cl. 

ojgO 

< -< Q- 


on _, Z 

on uj D ^ y 

U5“:>< 

° £<<5 o 

I I I u 

_1 _l — 1 — I -7 
Q_ Q_ Q_ Q_ Z. 
00 CO £ — O 

qqqq; 

zzzzy 

100005 


un on on on u_ 
i i — > I 

DDDDr 

Q. ft. Q- O- , 

OOQOd 

O£Q£ 0 iOi^C 
O- Q_ Q_ Q- -Z 


U olT 
«5 tr 
Z^< 

ogz 

°d Q UJ 


on < (r 

z 

; 82 . o < 


as’S’u? 

>O^J 

5 - Q_ — * 

2 85 

S z £ 

/r\ r 1 - 


LU C£ 
GO 
>- UJ 

- 08 ° 

oas| 

Zon^S 

^ uj z Z 
U m *- < 
U< 0 _j 


(_ UJ 

< V 

y s 

Z o; °° 

o^B 

uoi 


, , .<aiUQi 1J • 

CO r* lD'0NC00'O^(NCn'^‘0'0'0'0'0^N 
iZ 8-8-CNCNCNCM CM CM CM CM CM CM CM CM 


O O •— 

CM CO CO 


CM CO -M- lO M> Cm 
CO CO CO CO CO CO 



□ 


' >v 

n 

CO 

V \ N 

10 ' 

,\ <N 

27 

— 

lw\ J 

L 




□d 


*=0 


\\ 

CO , CO 
CM >— 


CO 

cm cc at 

o OO 

V y— i- 

<< 

yu 

o o 

<*ZZ 

2zz 

MOO 


P9Q§ 



C£ I — J— 

a ^ £ 

uj^O ; 

07: O- 

Z) lu x : 

tr ^ ^ on — 1 
< < uj z 

< o“8§ 

£n" s5 

o = 20G! 

“ u UJ LU U. 

iZX< < < : 


< 

N crfu£ 

>z|> 

: ^ cT^ 

:o£o 

C Z uj Z) 
:< a-w- 
* on — 

^<< 

Ey 1 1 

f OujK 

■I H J- f- 

; “5 uj uj 

:<52 


sS 

53 

Qq 

UJ -7 
uj Z. 
a: Q. — 
uj »2 uj 
t— 9£ Q 
UJ Or -o 


^CNCOTMO'ONCOOO — CM 




OVERHEAD INSTRUMENT PANEL 



!LOCKHEED 






















































TYPICAL GN&C MDU PRESENTATION 








MULTIFUNCTION DISPLAY UNIT AND 
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PAYLOAD CONSOLES - GENERAL 
PURPOSE AND MISSION PECULIAR 
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MANIPULATOR / PILOTAGE STATION - AFT 











ATMOSPHERIC SCIENCE AND TECHNOLOGY 
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AGRICULTURE/FORESTRY 



PANORAMIC CAMERA . (VEGETATION SIGNATURES! 
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PHOTOGRAPHIC WORK STATION 























ASTRONOMY/PHYSICS WORK STATION 
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30% GROWTH POTENTIAL 










































EJECTION/ REMOVABLE 
STRUCTURAL DOOR — 


CANDIDATE WORK STATION WEIGHT 
VS VOLUME COMPARISON 



♦BASED ON 22 LB PER CU FT DENSITY PACKAGING A BASELINE STATIONS 





